Background/purpose: The prevalence of early childhood caries (ECC) was 56% and 68.97% in Taiwan and Southern Taiwan, respectively. Children with severe caries suffer from health and growth problems, and to prevent the development of severe caries, possible risk factors must be identified. Oral health practices and the knowledge of primary caregivers regarding basic oral health were the main factors associated with the development of severe ECC (S-ECC). The aim of this study was to assess the knowledge and habits of primary caregivers with regard to oral health. Materials and methods: Children, aged 2e5 years old, with S-ECC (n Z 101) who visited the Division of Dentistry of Children and Disabled of Kaohsiung Medical University Hospital were recruited for this survey. Habits and knowledge related to oral hygiene were obtained with a standardized questionnaire completed by the primary caregivers of children with S-ECC. The data were analyzed using Microsoft Access software and JMP statistical software. Chisquare test, ANOVA, and linear regression were used for statistical comparison.
Introduction
Early childhood caries (ECC) and severe ECC (S-ECC) describe the status of caries present in children under the age of 6 years. Previously, several terms such as "rampant caries", "baby bottle tooth decay", and "nursing caries" were suggested to describe this early childhood condition associated with improper bottle feeding. At present, the term "early childhood caries" is used to describe any form of caries in children younger than 6 years. Severe early childhood caries has been defined as any sign of smooth surface caries in children younger than 3 years. It is defined for children aged 3e5 years as one or more cavitated, missing (due to caries), or filled surfaces in primary maxillary teeth or as a decayed, missing, or filled surface with a score !4 at age 3 years, !5 at age 4 years, or !6 at age 5 years. 1, 2 The goal of the World Health Organization regarding oral health was for 90% of 5-year-old children to be caries free by 2010. In 1997, the Department of Health in Taiwan reported that the prevalence of dental caries in children aged 4e5 years was 89%. The dental health status of 5-year-old children in Taiwan is quite poor and far below the goal stated by the World Health Organization. Another study indicated that the prevalence of ECC was 56% and 68.97% in Taiwan and southern Taiwan, respectively. 3, 4 This represents a high prevalence of ECC in Taiwan, which is sure to have a severe impact on the health of children in the future. 2,5e7 The important etiological factors involved in ECC have been shown to be highly related to the frequent consumption of liquids containing fermentable carbohydrates, frequent bottle feeding at night, and breast-feeding on demand. Each of these factors increases the risk of caries due to prolonged contact between sugars in the consumed liquid and cariogenic bacteria on susceptible teeth. 2, 8, 9 Other factors associated with ECC including environmental, socioeconomic, and parental marriage status. 6 It was found that the prevalence of ECC was strongly associated with a lack of proper tooth brushing, high consumption of sweets, and location in areas of low urbanization in Taiwan. 3 The consequences of ECC include an increase in the number of untreated decayed teeth and an increase in the dental work required as well as the costs associated with this treatment. ECC even influences the physical/ nutritional status of children. 2 Because the prevalence of ECC and S-ECC is quite high in Taiwan, analyzing the root causes of these problems is an urgent matter to improve the dental health of young children in Taiwan. The ignorance of primary caregivers of preschool children and a failure to practice oral health activities are the major factors associated with the onset of S-ECC. The aim of this study was to identify the factors that influence the knowledge of dental health and the practice of oral hygiene among the caregivers of children with S-ECC.
Materials and methods
This study recruited young children (age 2e5 years) visiting the Department of Dentistry for Children and Disabled in Kaohsiung Medical University Hospital for dental treatment under general anesthesia for this cross-sectional study. Children diagnosed with S-ECC as defined by the American Academy of Pediatric Dentistry, 2 and identified as being without medical problems, mentally or physically disabilities, or of premature status.
Oral hygiene practices were recorded using a standardized questionnaire, completed by the main caregivers of the children with S-ECC. The standardized questionnaire was prepared according to a national survey (2006). 4 Parents or primary caregivers were asked to complete questionnaires concerning demographic characteristics, socioeconomic status of the family, oral hygiene behavior of the children and parents/caregivers, oral health related knowledge of parents/caregiver, and the dental experience of the children. A maximum score of 100 for the 10 questions was available to test oral health knowledge.
The entire procedure was conducted after obtaining permission from the Institution Review Board (IRB, KMUH-IRB-970009), and informed consent was provided by parents or primary caregiver.
The data were analyzed using Microsoft Access software and JMP statistical software (version 7.0; SAS Institute, Cary, NC, USA). Two-sample t tests and ANOVA were used for statistical comparisons. When the significant relationships had been established, multiple regression was used to further analyze risk factors.
Results

Demographic characteristics
The participants included 101 children of whom 37 were girls and 64 were boys, with a mean age of 3.62 AE 0.98 years. There were 96 completed questionnaires returned. Information relating to demographic characteristics is presented in Table 1 .
Dental diagnosis and dental status
All of the children in this study were diagnosed with S-ECC. For primary teeth index, def surfaces index (defs) and def teeth index (deft) that measures the severity of dental caries. "d" means decayed teeth, "e" means missing teeth due to caries, "f" means filled teeth. The mean deft and defs of each child were 12.46 AE 4.23 and 35.68 AE 14.75, respectively.
Knowledge of basic oral health
Data regarding basic oral health knowledge is presented in Table 2 . The average score of caregivers with regard to basic oral health knowledge was 46.05 with a high prevalence of correct answers for "What is the function of fluoride?" at 78.13%; a high prevalence of incorrect answers for "What is the function of snacks?" at 56.26% and "When should babies change from using bottles to using a cup?" and "Which surface of teeth is most affected after the use of smeared fluoride?" was 41.67%. A high number of participants answered "unknown" for "What kind of food is rich in fluoride" at 68.75%.
Demographic characteristics regarding basic oral health knowledge
Demographic characteristic regarding basic oral health knowledge are presented in Table 3 . Most fathers of children with S-ECC were younger than 41 years, but they showed no significant difference with regard to basic oral health scores. The age of mothers, however, was significantly related to scores of basic oral health knowledge, with those aged 31e40 years scoring higher (score Z 52.40) than mothers younger than 30 years (score Z 39.46).
The education level of fathers showed a significant difference regarding their scores for basic oral health knowledge: fathers with a college degree or above scored 59.44; a high school education scored 40, and below elementary school level scored 29.09. The education level of mothers showed a significant difference regarding their scores of basic oral health knowledge: mothers with college education and above scored 59.72; a high school education scored 38.73; and below elementary school level scored 10.
The yearly income of the family showed significant differences regarding the score of basic oral health 
The relationship between basic oral health knowledge and oral hygiene practice
The relationship between basic oral health knowledge and oral hygiene practice is presented in Table 4 . Caregivers or children brushing teeth after meals showed no significant difference regarding the score of basic oral health knowledge, with a very low prevalence of "use a toothbrush or dental floss after meal" in caregivers (10.30%) and children (4.17%). Caregivers whose children use fluoride toothpaste or who use it themselves showed statistically significantly higher scores of basic oral health knowledge (score Z 52.33, 54.06, respectively), compared to those who do not use fluoride toothpaste.
Caregivers whose children visited dentists periodically showed significantly higher basic oral health score (score Z 59.23) than those caregivers whose children did not visit dentists periodically (score Z 42.03).
The relationship of oral hygiene practices between children and caregivers
The relationship between the oral hygiene practices of caregivers and their children, including the use of fluoride and cleaning the mouth after meals, is shown in Tables 5 and 6. The prevalence of caregivers who use fluoride is significantly related (P < 0.001) with their children using fluoride; and the prevalence of caregivers who clean their mouths after meals is significantly related (P < 0.001) with their children cleaning their mouth. 
Regression analysis of factors related to oral health knowledge
The results of the multiple regressions are presented in Table 7 . Regarding the knowledge of oral health of individuals in the S-ECC group, a significant relationship was established with the education level of mothers.
Mothers who had attained levels of education higher than high school or college showed significantly higher scores than those with only elementary school or below.
Discussion
The prevalence of ECC and S-ECC in southern Taiwan was 68.97% and 44.81% respectively 4 ; the prevalence of ECC in England, Finland, and the USA were 4%, 6%, and 20.2%, respectively. 10 The prevalence of ECC in southern Taiwan was much higher than in those industrialized countries. ECC and S-ECC occur in preschool children and the caregivers were the main factor impact regarding the likelihood of children developing ECC or S-ECC. The oral health knowledge of caregivers was important in the prevention of ECC and S-ECC. 9, 11 The average score of oral health knowledge of caregivers, according to the national survey (2006), 4 in the Taipei region showed 55.92%, the central region showed 47.24%, and the Aboriginal region showed 35.35%. Our study (Kaohsiung region) showed 46.05%, which was lower than reported by the Taipei and central regions, but higher than the Aboriginal region. Thus, our study compared to the national survey; this outcome could be influenced by both caregiver and socioeconomic status.
In our study, a lower score of basic oral health knowledge appeared among those whose; mothers were younger than 31 years; parents' education was at the elementary school level or below; and yearly family income was <500,000 Taiwan dollars ( Table 3 ). Maciel et al reported that the rate of caries was highly related to those from a low socio-economic level whose consumption of sugar is universally high. 12 In our study, the educational level of mothers appeared to be a risk factor. Wigen and Wang reported that a low educational level among one or both parents was a risk indicator for children with caries. 13 Personal, communal, cultural, and economic factors of parents act as powerful determinants influencing the likelihood of seeking dental care, dental health habits, and nutritional habits. 13 In our study, children with S-ECC practiced poor oral hygiene (Table 4) : very low prevalence (4.17%) of children with S-ECC who brushed their teeth after meals, and 95.83% of children with S-ECC did not brush their teeth or rinse their mouths after eating. Whether children brush teeth or not influences the development and prevalence of S-ECC. Oral hygiene behavior (use of fluoride and cleaning mouth after meals) of caregivers was related to the oral hygiene behavior of children, in our study. The development of S-ECC was a multi-factor strongly related to poor oral hygiene knowledge and the dental care of parents. 12, 14 A lack of regular tooth cleaning among children 2 and the use of fluoride contribute to the development of S-ECC, and a lack of oral basic knowledge among caregivers about when brushing should begin 2 contributes to the development of S-ECC. In our results, a high percentage (69.41%) of children with S-ECC did not make regular dental visits and just visited dentists for symptomatic treatment to relieve dental pain or dental infection. Those parents might ignore the importance of primary teeth and consider primary teeth as transitional. The decay of primary teeth would not affect the permanent teeth and the primary teeth were not worth treating. This mistake in understanding of oral health knowledge was found in those parents or caregivers who did not have high scores for oral heath knowledge and all these children were uncooperative in the outpatient clinic and had severe and extensive caries.
The usage of fluoride-containing products by caregivers or children has been very high since fluoride usage was first advocated by the Government Public Health and National Health Insurance, including professional fluoride application for children younger than 5 years every 6 months.
There are some limitations of the current study. The data from a cross-sectional study and our study population cannot be representative of all S-ECC children in Taiwan. Because this is a cross-sectional study, causal effects of S-ECC cannot be confirmed. We need to do a further identification of the causal relationship between S-ECC and other factors.
In conclusion, oral hygiene behavior and the knowledge of caregivers were shown to be statistically significantly related to children with S-ECC. Oral health knowledge is strongly associated with parent-related factors. Low educational level and younger mothers in southern Taiwan were particularly important. Information on the socioeconomic status of parents and oral hygiene practice should be considered when planning dental health education services for caregivers of young children. The planning include three aspects: (1) In terms of policy: (a) establishing oral health, oral hygiene education, and practicing program in prenatal classes; (b) coordinate the oral health education program with the vaccination program for children, and promote the application of fluoride once every 6 months for children younger than 5 years; (c) The oral health education program should include the proper ways of brushing teeth and how to keep the proper diet habits to prevent early childhood caries, baby bottle tooth decay, etc. (2) In terms of human resources: Increase the categories of oral health education professionals in width (human resources such as nursing, health education, medical management) and depth (training of dentist, oral hygienist). (3) In term of media involvement: Coordinate with companies for oral health promotion, materials, and equipment (such as toothbrushes, toothpastes, mouthwash, and fluoride) to hold the oral health education events, or increase the spread and distribution of relative information through TV, media, newspapers, magazines, Internet, etc.
In the meantime, oral health education, including the prevention of caries and consultation regarding nutrition and diet, should be fostered in schools, clinic/hospitals, and among pregnant women.
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